Background: Although primary headache is the most frequent neurological disorder and there is some evidence that the prevalence rates have increased in recent years, no long-term data on the annual prevalence of headache are available for Germany. The objective of the study was therefore to obtain long-term data on the period prevalence of headache in the general population in Germany by means of population-based cross-sectional annual surveys (1995-2005 and 2009).
Background
Headache constitutes a major public health problem in many countries [1] . The global prevalence for current headaches of the adult population is 46%; the life-time prevalence is 66% [2] . In Asia, Australia, Europe, and North America, the headache prevalence in the general population is approximately 50%; in Africa it is distinctly lower at 20% [2, 3] . The reason for this difference is not known. For Europe a meta-analysis reviewed the 49 available surveys of headache prevalence, 34 of which cover the occurrence of headache within one year or less, defined as "current headache" [3] , with a prevalence of 53% on average [3] . The different epidemiological studies differ depending on the interview technique used (face-to-face interview, telephone interview, questionnaire mailings), the questionnaires, and the inclusion and exclusion criteria for the interview, the profession of the interviewer, the interviewed age groups, and the representativeness of the interviewed group for the general population. Therefore, it is not surprising that the different surveys for a particular country show prevalence rates that differ considerably from one another [3] . For Germany, two cross-sectional surveys on the prevalence of headaches in the general population are available [4, 5] . The German Migraine and Headache Society (DMKG) Headache Study investigated the regional differences in headache prevalence in Germany and therefore could not generate prevalence data for the general population [4] . Such regional differences in headache prevalence within one country have also been described, for example, in the Austrian Self-Reported Morbidity (SERMO) Study [6] for Austria, or for the prevalence of migraine in Spain [7] . The German National Telephone Health Interview Survey (GNT-HIS) 2004 [5] reported the headache prevalence for the general population [8] . The one-year prevalence for 2004 is 60.2%, with only slight regional variations between 59.1% and 61.5% [5] .
All these surveys are cross-sectional surveys, collecting the prevalence within a period (in most studies 1, 6, or 12 months) or as life-time prevalence only once at a certain time point. Therefore they are not useful to answer the question of whether the headache prevalence rates increase or remain stable over time. Only a limited number of cross-sectional surveys determine headache prevalence in a longitudinal study with repeated surveys. The Nord-Trøndelag Health Studies HUNT 2 and HUNT 3 were done at intervals of eleven years [9] , and the American Migraine I and II and AMPP studies at roughly 10-year intervals [10] [11] [12] .
The objective of the present study was therefore to obtain long-term data (from 1995 to 2009) on the prevalence of self-reported headaches in the general population in Germany by a population-based crosssectional survey.
Methods

Study design
These cross-sectional surveys were conducted as face-to -face multi-topic interviews, quarterly in three waves in the months of March, June, September, and November/ December from 1995 through 2009. Between 1995 and 2004, the interviews were conducted with paper and pencil (PAPI), whereas from 2005 onwards, interviews were carried out via computer-aided personal interviews (CAPI). No changes were made to the questionnaire during the period described.
The interview years 2006 to 2008 are not part of this analysis due to major methodological differences (further details on headache disease and medication used were recorded), which could have influenced the response rate and could possibly have led to doubts concerning the comparability of data.
Per survey year, around 640 trained interviewers carried out the field work (research institute: Ipsos GmbH (Mölln/Germany)). Thus, one interviewer did 19 interviews on average per year, referring to the gross sample. One complete interview took about 50 minutes. In the course of the multi-topic survey, each interviewee was asked questions on six topics. The interviewees did not receive any incentive.
Interviewees
The interviewees were German-speaking individuals aged 14 years and older living in private households in Germany. Based on the ADM's (Arbeitsgemeinschaft Deutscher Marktforschungsinstitute) random networks, each year a population-based multi-layer random sample was drawn that included between 10,898 and 12,538 net interviewees (gross sample 16,026 to 18,176). The sample was drawn in three steps and was representative of the German-speaking population living in private households:
1. The basis for the sample is a pool of ADM networks for details see [13] . Per survey wave, an average of 200 sample points was determined at random. The ADM-Sample is an area sample. The frame consists of about 53,000 areas. Communal statistics and data from navigation systems are used to create the areas. Each area/point comprises on average 700 private households. In addition, several attributes (town size, statistical code etc.) are assigned to the points. This allows a regional stratification of the points. 2. Participating households were selected using the random-route method. Starting from a randomly selected address the interviewer determines the target households according to strictly defined rules. Description of random route rule: from selected address, go left, then take the first possible right, go right and then take the first possible left. The interviewer has to count the households from left to right. Every 5th household is the target household for the interview. 3. The person in the household with the closest birthday was selected for the interview [14, 15] . The household was contacted up to three times in order to conduct the interview with the target person.
All interviewees gave their informed consent and the surveys were done under the German law for market polls.
Structural weighting of the sample
The three-stage ADM sample system leads to equal chances at a household level, but not at the level of household members. This makes a household transformation necessary: a multiplication of all data sets by the number of household members and a subsequent division by the average household size. In this way, the sample is transformed into a sample on the basis of household members. Besides the described transformation, no further weighting procedure is carried out.
Questionnaire
The following socio-demographic data were collected: state, population of the home town/area, sex, age, education, current occupation, and net household income. The interviewees also reported on their illnesses and diseases during the past twelve months. In addition to headaches, the questionnaire scanned e.g. for menstrual cramps, shoulder and neck tension, constipation, common cold or cough. Twenty-three to thirty-one diseases and conditions were queried in a random order. This multi-topic procedure contributed at least partly to the blinding of the topic of special interest among the interviewees and the interviewers. The headache diseases were recorded using terms normally used by headache patients themselves to describe their condition. The questions to identify headache were: "Now you see a list of illnesses and diseases on the screen (CAPI: questionnaire): headache due to shoulder and neck tension, migraine, tension-type headache, or headache caused by weather changes. Which of these did you have in the last 12 months? Please tick the box (yes, no, don't know/not applicable)."
Quality assurance
Quality assurance of the interviews followed DIN ISO 20252 [16] . This standard of the German Institute for Standardization has been the valid international quality standard for market research, opinion polls, and social research since 2006. This DIN standard includes requirements for quality assurance in market and social research institutions, including the outsourcing of services to external vendors; for the study design, including the necessary cooperation with the sponsor; for the gathering of data in quantitative and qualitative surveys, including the recruitment and training of interviewers; for data processing and data management; and for the reporting to the sponsor. Accordingly, the institute asked at least 10% of the interviewees for a short feedback after the interview, either in writing or via telephone, to check whether the interview had actually taken place, how long it had taken, and what topics had been covered.
Analysis
For evaluation, the gathered data was categorized, including differentiation between interviewees from former East Germany and from former West Germany.
Since 2005, 15 years after the reunification of Germany, only Germany has been recorded. The reason for this was that the economic and political differences between the former East and former West Germany had decreased dramatically over the years. Thus, no further differences in lifestyle could be observed between the different regions. The cut-off point between rural and urban populations was a population r of 50,000 inhabitants. Net household incomes were divided into four categories: (a) up to 999€, (b) 1,000€ -2,499€, (c) 2,500€ -3,499€, (d) 3,500€ and more per month. Current occupations were also divided into four categories: (a) selfemployed and freelancers, (b) public officers, skilled and managing employees, (c) unskilled and semi-skilled workers as well as the temporarily unemployed, (d) trainees, non-working persons and retirees.
Statistical evaluation
The prevalence of self-reported headaches was determined as the quotient of the number of people out of the net sample who reported having had headaches during the period of twelve months prior to the interview and the total number of people out of the net sample, including the 95% confidence interval (95% CI).
The effects of the factors year, state, region, education, and income on the prevalence of headache were tested with chi-square tests on k-by-2 contingency tables, where k denotes the level of the particular factor. Additionally, for the factor year a trend analysis was performed according to Bortz et al. [17] . This test provides the alpha-probability for the null hypothesis that the frequency of headache does not increase or decrease linearly over the years.
Results
The gross sample sizes ranged between 16,026 and 18,176 people, the response rates of the interviews between 1995 and 2009 ranged between 67.4% and 73.1% (Table 1 ) (a total of 146,253 face-to-face interviews were included in the analysis). The prevalence of self-reported headaches showed a not significant slight tendency to increase with time (trend: z=1.8 p=0.07), ranging between 58.9 and 62.5% (Figure 1 ). The sex-specific differences remained stable, too, with 67.3 to 70.7% of women reporting headaches in the last 12 months compared to 48.4 to 54.3% of men. For men, the range of variation (5.9%) was almost twice as high as that for women (3.4%) (Table 1; Figure 2 ).
The one-year headache prevalence of the former East and West Germany showed no significant differences (60.2% to 60.5%) ( Table 2 ) (contingency table χ 2 (1)= 0.78; p=0.38). Interestingly, the one-year headache prevalence was consistently slightly lower in rural areas (population < 50,000) than in urban regions (population General population of Germany (older than 14 years and German-speaking), gross sample, and response rates of the IPSOS surveys; the table also shows the one-year prevalence rates of self-reported headaches at 95% confidence intervals (CI95%) for the general total sample as well as for the following sub-samples: men/women. (HP: headache prevalence in %; CI: confidence interval).
> 50,000) ( The level of education and, consequently, also the monthly income seems to affect lifestyle in some way and therefore also probably affects headache prevalence ( Table 3 ). The headache prevalence for the group of "self-employed and freelancers" (62.6%) is slightly lower than the prevalence for the group of "skilled and managing employees" (63.9%) and that is slightly lower than the prevalence in the group of "unskilled and semiskilled workers" (65.1%) ( Table 3) . Overall, the one-year headache prevalence for the group of "public officers and skilled employees" even increased slightly from 1998 onwards. The lower prevalence (55.8%) in the group of "trainees, non-working and retirees" can partly be explained by the generally lower one-year headache prevalence in the younger and older age groups which were more prevalent in this group (see below). The differences in prevalence rates between the groups were significant with P values from p< 0.02 to p< 0.001.
If we take a look at the one-year headache prevalence in relation to the monthly net household income, the highest income group shows the highest range of variation of up to 7.4% in the headache prevalence since 1998 (Table 3 ). Overall the variation in the prevalence between the different income groups was smaller than between the educational groups (< 999€: 60.1%; 1000-2499€: 60.1%; 2500-3499€: 61.4%; >3500€: 62.7%). No differences in the one-year headache prevalence can be found for the groups with the lower income (p=0.96); in contrast the differences in prevalence between the two groups with the higher income and the groups with lower income were significant (P values between p=0.009 and p<0.001) ( Table 3) .
From 1995 to 2005 and in 2009 a typical dependence of the headache prevalence on age could be demonstrated in the German population. The youngest age group (14 to 19 years) and the two older age groups (60 and older) consistently show lower prevalence than those with an age of 20-59 years. Although these values Figure 1 One-year headache prevalence rates (at 95% confidence intervals) in Germany in the years 1995-2005 and 2009. There was no significant change in the headache prevalence over the years (p=0.07). Basic population is the German-speaking population aged 14 years and older.
Figure 2
One-year headache prevalence rates (at 95% confidence intervals) by gender [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] 2009 . Basic population is the Germanspeaking population aged 14 years and older. vary slightly over the years, the bell-shaped age distribution does not change during the investigated time period (Figure 3 ). This age distribution even remains, if we look at women ( Figure 3a ) and men (Figure 3b ) separately.
Discussion
The number of longitudinal epidemiological studies on the period prevalence rates of headaches is limited. Our study is the first which determines the one-year prevalence of self-reported headache in representative samples of the German population over a long time period of 15 years by using the same methods (annual face to face interview). The most important result is that from 1995 to 2009 the one-year headache prevalence in the German general population is stable at 58.9 to 62.5%. The German National Telephone Health Interview Survey 2004 (GNTHIS), which accessed a large representative sample of the general adult population in Germany aged 18 years and older (n = 7,341), determined the one-year prevalence of headaches for the year 2004 as 60.3% (66.6% for women, 53.0% for men) [5] . Our study showed prevalence rates of 62.5% (70.7% for women, 53.2% for men) in 2004 ( Table 1 ). The German DMKG Headache Study with 7,417 interviewees, analyzing three cross-sectional surveys conducted in three German regions (Augsburg, Dortmund, Pomerania) between 2002 and 2004, found a sex-and age-stratified, pooled 6-month prevalence of 49.5% [4] . The investigated regions in that study, however, are not representative of the general population in Germany [4] . Another survey which used mailed questionnaires (4,061 interviewees) and a market research household panel, found a lifetime prevalence for headaches of 71.4% [18] . In their metaanalysis "Global Burden of Headache", Stovner et al.
based on 107 surveysreport 47% as the global period prevalence for "current headache", which included 1 year, 3 months and "time not stated". When limited to surveys among adults, they report a prevalence of 46% [2] . Thus, the one-year headache prevalence for Germany between 1995 and 2009 is about 10% to 15% higher. The reason for that is not clear, especially since the prevalence of migraine was slightly lower in the DMKG study than in comparable studies from other European countries [1, 4] . Only three other European surveys investigated the one-year prevalence and were conducted as face-to-face interviews, as in our survey. For Austria with 997 interviewees, the one-year prevalence was 49.4% (women 54.6%, men 43.6%) [19] ; in Finland with 200 interviewees, it was 77% (women 83%, men 69%) [20] ; and in Georgia with 1,145 interviewees, it was 46.3% [21] . An important result of our study was that the oneyear prevalence of general headaches remains stable over a period of 15 years in Germany. This fact is quite remarkable since in this period dramatic political and economic changes took place in East Germany, wherebeginning in 1990a socialistic economic system was transformed into a capitalist economic system. For the population of the former GDR this change in the economic and social system was equal to a loss of secure employment and confidence. It is obvious that such changes in lifestyle can have an influence on the stress experienced, which probably is one of the reasons for headache. Surprisingly we did not see such an effect in our survey which may indicate that the majority of the interviewees did not feel such a stress.
These stable prevalence rates are in agreement with other longitudinal studies from different countries. Four large cross-sectional surveys in the US also show stable one-year prevalence of migraine over a period of about ten years (1989 to 1998) [11, 12, [22] [23] [24] [25] . Two methodically identical surveys conducted in France at an interval of ten years also showed a stable prevalence for migraine too [26, 27] . Also, the Norwegian HUNT 2 and HUNT 3 studies do not show any change in the one-year prevalence rates within eleven years [9, 28] . The results from the GNTHIS 2004 survey support our finding that there is no difference in the headache prevalence between East and West Germany either [5] .
Another interesting observation in our study is that the prevalence rates were slightly, but noticeably lower in rural/small-town regions than in urban areas with over 50,000 inhabitants, which is in agreement with results from Austria [19] . In contrast, the 1989 survey in the USA shows only minor regional differencesonly mountainous areas, which are in general rural, showed higher one-year prevalence rates which is in contrast to our results. But here only interviewees with self-defined severe migraine were included and the regions were much larger than in Germany and Austria [29] . The size of the place of residence had only a minor impact in this US survey with a slightly higher prevalence for severe migraine in the rural regions (< 50,000 inhabitants). A Spanish study also reported a slightly higher prevalence of general pain conditions (including headache) in urban areas compared to rural regions [30] .
The question of whether household income and social situation have an influence on the headache prevalence rates is controversial. An English survey showed somewhat higher 3-month headache prevalence for interviewees from socially higher, non-manual working population strata than for manual workers [31] . But this difference may be explained by differences in the age and sex distribution in the interviewed groups [31] . In contrast a Spanish survey showed that the one-year prevalence of migraine was higher for subjects doing housework and unemployed subjects than for working people [32] . But this study made no adjustment for the The table shows the one-year prevalence incomes. Basic population is the German-speaking population aged 14 years and older. HP: headache prevalence. (HP: headache prevalence in %; CI: confidence interval)rates of self-reported headaches at 95% confidence intervals (CI95%) for a) different occupational groups, and b) the strata for the different net household.
presumably higher percentage of women among those doing housework and the different age distributions. Although various surveys, in particular those from the US, associate the prevalence of headache diseases and especially of migraine with lower household income, the results are also contradictory. In the American Migraine Study II, migraine prevalence increased continuously with decreasing household income and was highest for men and women with an annual income below $15,000 [11] . This confirmed results from 1989, which were gathered from a panel of 15,000 households [12] for both migraine as well as all severe headaches. An analysis of the data of the National Health Interview Survey of 1989 also showed that self-reported migraine was slightly more common among those with a household income of less than $10,000 compared to those with a higher household income in both men and women [33] . In the US ARIC study, a household income of less than $16,000 vs. $75,000 and more was associated with a slightly increased prevalence for migraine with and without aura, but not with other headache types [34] . In contrast, in a survey from Philadelphia County, which shows demographic similarities with the general US population, no association between income and migraine prevalence was found; neither for the crude nor for the age-adjusted prevalence [25] . In a recent study again an increased headache frequency in the group with the lowest annual income (<$22,500) was reported [35] . Pryse-Phillips et al., in a Canadian survey on migraine and tension-type headache, could otherwise not find any correlation between these headache types and household income [36] . In contrast to most of the studies from the USA, in our study the headache period prevalence was constantly slightly higher at a monthly income of 2,500€ or more than with lower monthly income. Two other German surveys also show a higher migraine period prevalence in the medium and higher socio-economic groups [5, 6] . The reasons for these different results remain unclear, but it should be taken into consideration that the social systems in Europe and USA are quite different.
The prevalence show a distinct dependence on sex and age, which results in a stable, almost identical bellshaped age distribution over all investigated years. Women always showed higher one-year prevalence rates than men in all age groups. These dependencies have been described repeatedly for migraine [1, 2, 37] , for headaches in general, however, less data is available. Since tension-type headaches are more frequent than migraine in all the samples, the reported age dependence indicates that it is also applicable to tension-type headache and not only to migraine. This corresponds with the results from regional studies (Baltimore County in USA, Nord-Trondelag County in Norway) [38, 39] . On the other hand, a nationwide representative study in France showed period prevalence of non-migraine headaches to be age-or sex-dependent only for women younger than 25 years [26] . Boardman et al. discuss possible reasons for this age-dependent decrease in period prevalence of headaches, for example a possible recall bias due to the increase of other more relevant diseases among the elderly [31] . Also, Russell et al. ask whether the age-dependent decrease, which is statistically significant in their survey only for men, but not for women, is a real phenomenon or caused by recall bias [40] . However, a 15-year cohort study with employees of a French gas and power supply company showed a clear decrease of the prevalence of headaches at the point of retirement of the employees, with the decrease being particularly distinct in the group of employees with high workrelated stress [41] .
The interpretation of the results should take the strengths and limitations of this study into account. The choice of interview method depends essentially on the contents of the information to be gathered [42] . Much more complex information can be collected in face-to -face interviews than by mail surveys [42] . Telephone interviews tend to be much shorter, e.g. in a Spanish telephone survey on pain, the interview lasted 10.5 minutes on average [30] , while it took about 90 minutes in the French GRIM2000 face-to-face migraine survey [28] and 50 minutes in our study. Face-to-face interviews achieve the highest response rates and are terminated early by the interviewees less often than telephone surveys or mail surveys [43, 44] . In our study, the response rate of 67.4% to 73.1% was higher than that of the DMKG survey with 66.9% [4] and about as high as in a regional Croatian face-to-face survey [45] . It was also higher than that of surveys with other data collection methods, such as that of 53.3% in the GNTHIS 2004 (telephone interviews) [5] or that of 62% in a US telephone survey [23] , or 37.1% in a Spanish telephone survey [7] . The most important aspect of our study is the large number of interviewees with more than 12,000 interviews per year over a total of 15 years, i.e. a database of more than 146,000 analyzed face-to-face interviews. Furthermore, the multi-topic survey contributed at least partly to the required "blinding" of the topic and helped to minimize a recall bias [46] . The method used ensured that there was a standardized interview situation over the whole period [43, 44] . One of the limitations under discussion in some surveys is the lack of ICHD-II classification of the headaches and that the interviews were not done by headache experts. Nevertheless, Rasmussen points out that a physician might subconsciously influence patient responses into patterns corresponding to his ideas of IHS headache classification [47] . Even with adequate training and the use of structured interviews, misclassification cannot be excluded completely and an underreporting of migraine might still be possible. As this survey only asked about the presence of any kind of headache, independent of its type, intensity, frequency, and duration, the use of trained interviewers is not a relevant limitation in our survey. Moreover, this kind of question and the restriction to one year could minimize recall bias, a serious problem of retrospective surveys. The study was not designed to evaluate risk factors for headache and we therefore did not apply multivariate analyses.
Conclusion
In summary, this large-scale longitudinal survey over a period of almost 15 years does not indicate any general increase in the one-year prevalence of self-reported headaches in Germany. Women show continuously higher prevalence rates than men, and both women and men exhibit some age dependence, although the topic was headaches in general and not just migraine. There are only minor regional differences and there is no difference between former East and West Germany. A relatively stable difference between rural and urban regions, however, is remarkable, as well as a trend towards higher prevalence rates among people with higher to high income.
